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ABSTRACT

Background and Aim: Chronic kidney disease (CKD) is becoming prevalent among people living with HIV/AIDS infection,
with kidney dysfunction progressing to end-stage kidney disease (ESKD). We tested the diagnostic performance of creatinine,
cystatin c, and the combined (creatinine + cystatin c)-based estimated glomerular filtration rate (eGFR) in assessing kidney
dysfunction in HIV/AIDS patients on stable antiretroviral therapy (ART) at the Saltpond District Hospital, Ghana.
Methods: A cross-sectional study of 100 HIV/AIDS patients on ART at the Saltpond District Hospital was conducted.
Anthropometric data (height, waist circumference, and weight), blood pressure, and demographic and socioeconomic char-
acteristics were obtained from all enrolled participants through questionnaires. Venous blood was collected for creatinine and
cystatin estimation. Urine was also collected and a spot test for micro-albuminuria was performed.

Results: Our study revealed a mean serum creatinine level of 82.60 + 21.69 with serum creatinine within the normal range for
both female and male participants. The eGFR-Scr seems to have a better eGFR/CKD classification performance than the eGFR-
Scys-c and eGFR combined (Scr + Scys). At similar cut-off values, eGFR-Scr + Scys showed the greatest diagnostic performance
in HIV/AIDS patients, with the largest AUC (AUC =0.91) in the ROC plot with a sensitivity of 100% and specificity of 11%.
Conclusions: The combined (Scr + Scys) based eGFR equation has the best diagnostic performance in predicting kidney
insufficiency/CKD in HIV/AIDS patients on ART. Serum cystatin c-based estimated glomerular filtration (eGFR-Scr) equation
is better for assessing kidney function for patients with eGFR< 60 mL/min/1.73 m?, and eGFR-Scr based equations are better in
eGFR/CKD classification and staging.

1 | Background Sub-Saharan Africa, and about 6.1 million people in Western

and Central Africa. As of June 2017, 20.9 million people with
An estimated 36.7 million people worldwide were living with HIV/AIDS were receiving antiretroviral therapy (ART) [1].
HIV/AIDS infection in 2016, with almost 25 million people in The introduction of ART has improved survival and reduced
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AIDS-related deaths [2]. However, kidney dysfunction is
becoming prevalent among HIV/AIDS-infected individuals with
progression to end-stage kidney disease (ESKD) [3, 4]. HIV/
AIDS infection and ART negatively affect kidney function
through the mechanism of drug toxicity which heightens the
risk of CKD [5-7].

The impact of HIV/AIDS and chronic diseases on the
prevalence of chronic kidney disease (CKD) holds signifi-
cant public health consequences in Africa [8]. The cost
involved in kidney replacement therapy (KRT), the
increased risk of mortality, insufficient assets to help
patients with established CKD, and its likely effect on
medications, are the primary reasons healthcare providers
are enthused about early detection of CKD [9]. Therefore,
there is a need to accurately and precisely estimate
the glomerular filtration rate (GFR) among people living
with HIV/AIDS. Some studies have reported an increased
risk of kidney disease and reduction of estimated GFR
(eGFR) with prolonged ART exposure [10, 11]. A few years
past, the two most common methods for assessing kidney
function were the Modification of Diet in Renal Disease
(MDRD) equation, and the Cockcroft-Gault equation [12].
In recent times, the creatinine CKD-EPI equation has
proven more accurate than the MDRD equation for esti-
mating GFR, hence, it has surpassed the MDRD equation
as the method of choice in GFR estimation in many
laboratories [13].

Serum creatinine is however affected by muscle mass and
tubular secretion [14]. Again, antiretroviral drugs like co-
bicistat, dolutegravir, and many others are known inhibitors
of proximal tubular creatinine secretion (IPTCrS). When
serum creatinine is used to assess glomerular function in
individuals using these drugs, we expect an increase in
serum creatinine while eGFR decreases [15]. More recently
serum cystatin C-based eGFR estimation has emerged as
having a better GFR estimation and better diagnostic per-
formance than creatinine-based eGFR equations [16, 17].
cystatin C is a low molecular weight protein produced by all
nucleated cells, easily filtered by the glomerulus, and bro-
ken down in the proximal tubule [14, 18]. Cystatin is also
affected by inflammation, steroid use, and adiposity [18],
making it a less reliable marker for GFR estimation in cer-
tain patient populations [18-20]. Inker et al. [21] demon-
strated in their study that a combined (creatinine + cystatin
c¢) CKD-EPI equation provided a more precise estimation
of GFR than the creatinine or cystatin-based CKD-EPI
equation.

Given the inherent limitations of both assays, the combined
equation leverages the strengths of both markers, reducing
biases and improving early detection of kidney dysfunction.
As patients with HIV/AIDS infection are prone to develop-
ing CKD, it is essential that eGFR equations precisely and
accurately evaluate GFR and recognize patients with pos-
sible CKD. Thus, we assessed the diagnostic performance of
creatinine-based eGFR, cystatin c-based eGFR and com-
bined (creatinine+cystatin c) eGFR equations in diagnosing
kidney insufficiency in HIV/AIDS patients on stable ART at
the Saltpond District Hospital, Ghana.

2 | Methods

21 | Study Design/Study Site

This study utilized a cross-sectional design to evaluate the
diagnostic performance of eGFR-creatinine, eGFR-cystatin C,
and eGFR combined (creatinine+cystatin C) based equations
among HIV/AIDS patients visiting the Saltpond District Hos-
pital. The hospital, a primary facility, is located at Saltpond in
the Mfantseman District in the Central region of Ghana. It has
an outpatient department and provides medical, surgical,
obstetrics and gynecology, pediatric, X-ray, and laboratory ser-
vices. It also has an ART clinic which caters for people living
with HIV/AIDS.

2.2 | Study Population/Ethical Clearance

We determined the sample size using Cochran's sample size
formula (N = Z?p[1 — p]/d®). We used a confidence interval
constant (Z) of 1.96, a population prevalence (p) of 1.6% [22],
and a percentage margin of error (d) of 5%. We had an es-
timated sample size of (V) of 24. To increase the statistical
power of our study and enhance the generalizability of our
findings, we adjusted the sample size to 100. We recruited
100 HIV (I and II) positive patients (confirmed with Or-
aquick) who were 18 years and above and on ART for the
study. Data were collected from all participants who con-
sented to the study. We excluded HIV/AIDS patients who
had hypertension, diabetes mellitus, or malignancy before
the diagnosis. Ethical approval was obtained from the Cape
Coast Teaching Hospital Institutional Review Board and
informed written consent was also obtained from the parti-
cipants. The ethical clearance ID for the study was
CCTHERC/RS/EC/2017/13.

2.3 | Blood Sample Collection and Biochemical
Analysis

Eligible participants provided 5 mL of venous blood into serum
separator tubes, which was left to clot, and then centrifuged at
3000 rpm for 3-5min within 30 min of sample collection.
Creatinine was measured using the kinetic-modified Jaffe
method [23]. Absorbance was read using the spectro-
photometer at wavelength 500 nm. Creatinine concentration
was calculated as:

Creatinine concentration (umol/L)
_ Absorbance (Test)
" Absorbance (Standard)

(umol/L).

X Conc. of standard

Serum cystatin was measured using Human Cystatin C ELISA
kit [24]. A sterile container was given to patients and instruc-
tions on accurate urine sample collection were given to them for
urine sample collection for the estimations of urine micro-
albumin. Microalbumin was assessed using the Rapid Response
Microalbumin 2-1 Combo Strip.
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2.4 | Statistical Analysis

The data were analyzed using the Statistical Programme for
Social Sciences 11.0 (SPSS 11.0) for Windows (SPSS Inc. Chicago,
16). The median with IQR was obtained for non-parametric data
and the mean with SD was obtained for continuous data. Linear
regression between eGFR-cystatin C and/or eGFR-creatinine and
serum creatinine and serum cystatin ¢ was performed on data
collected. The Bland-Altman plot was used to provide insights
into the level of agreement between the different equations. The
receiver operating characteristic curve (ROC) with area under
the curve (AUC) graph representation was used to assess the
diagnostic accuracy of different eGFR equations. A p-value of
equal to or less than 0.05 (p <0.05) was considered statistically
significant. All statistical analyses were pre-specified in the
study's statistical analysis plan. All tests were two-sided except
for the ROC analysis, which was performed as a one-sided test to
evaluate the hypothesis that the combined eGFR equation
(eGFR-SCr + SCys) would have greater diagnostic accuracy.

3 | Results

Table 1 presents kidney function and eGFR of patients ac-
cording to the eGFR-Scr, eGFR-Scys, and eGFR-Scr + Scys
equations. The mean serum creatinine concentration was sig-
nificantly higher in males than in females (p=0.006). The
median eGFR (sCys) was 204.18 (41.5) and was significantly
higher in males than in females (p = 0.03).

Table 2 shows the classification of eGFR/CKD staging with
eGFR-SCr, eGFR-Scys, and the eGFR combined SCr + SCys
equations. The eGFR-Scr + Scys classified a higher percentage
(91%) of patients in G1 and was able to stage participants in G1,
G2, G3a, and G3b with the absence of G4 staging. The eGFR-
Scys classified 90% in G1 but was able to stage patients to G1,
G2, and G4 with no G3a and G3b staging. The eGFR-Scr had the
lowest percentage 62% of patients in G1. However, it presented
patients in G1, G2, G3a, and G4 but without G3b eGFR
classification.

TABLE 1 | Renal function and eGFR of HIV patients on ART according to different CKD-EPI equations.

Total Male Female p-value
Urea (mmol/L) 3.00 (1.0) 2.5 (2.0) 3.00 (1.0) 0.962
ACR (mg/g) 77.50 (90.0) 75.0 (80) 77.50 (86) 0.899
S-creatinine (umol/L) 82.60 + 21.69 91.38 +22.14 80.85 +21.44 0.006
S-cystatin C (mg/L) 1.02 (0.37) 1.03 (0.23) 1.01 (0.38) 0.622
eGFR-Scr (mL/min/1.73 m?2) 98.15 +29.04 110.38 +26.20 95.70 + 28.06 0.640
eGFR-Scys (mL/min/1.73 m2) 204.18 (41.5) 215.8 (28.22) 199.2 (46.48) 0.027
eGFR-Scr + Scys (mL/min/1.73 m2) 185.92 (58.1) 209.16 (38.18) 185.92 (53.12) 0.146

Results are presented as median (inter-quartile range) and all others as meanz+standarad deviation.
Abbreviations: ACR = albumin to creatinine ratio; eGFR = estimated glomerular filtration rate; eGFR-Scr = estimated glomerular filtration rate-serum creatine; eGFR-
Scys = serum cystatin; eGFR-Scr + Scys = estimated glomerular filtration rate-serum creatinine 4+ Serum cystatin.

TABLE 2 | Classification of eGFR/CKD stages of HIV patients on ART according to serum cystatin, serum creatinine, and combined serum

cystatin/serum creatinine equations.

Stages eGFR-Scr eGFR-Scys eGFR-Scr + Scys
eGFR (mL/min/1.73 m?2)
> 60 83 (92.2) 81 (90.0) 84 (93.3)
<60 7 (7.8) 9 (10.0) 6 (6.7)
eGFR staging, n (%)
G1: >90 56 (62.2) 81 (90.0) 82 (91.2)
G2: 60-89 28 (31.1) 2 (2.2) 2(2.2)
G3a: 45-59 4 (4.4) 0 (0.0) 2(22)
G3b: 30-44 0 (0.0) 0 (0.0) 4 (4.4)
G4: 15-29 2(22) 7 (7.8) 0 (0.0)
CKD staging
CKD stage 1 29 (60.4) 46 (95.8) 47 (98.0)
CKD stage 2 15 (31.25) 2(4.2) 1 (2.0)
CKD stage 3a 4 (8.35) 0 (0.0) 0 (0.0)
CKD stage 3b 0 (0.0) 0 (0.0) 0 (0.0)

Results are presented as frequency and proportion.
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regression analysis for eGFR-Scys and eGFR-Scr. (c) Scatter plot with regression analysis for eGFR-Scr/Scys and eGFR-Scr. (d) Scatter plot with

regression analysis for eGFR-Scr/Scys and eGFRScys.

Figure 1 shows a linear regression analysis between various
eGFR equations. There is a strong positive correlation between
eGFR-SCys against eGFR-Cys+SCr (r=0.778, p <0.0001),
compared to that between eGFR-SCr against eGFR-Cys+SCr
(r=0.615, p<0.0001). The association between SCr and Scys
and eGFR-SCr and eGFR-SCys was insignificant (p> 0.9,
p > 0.08, respectively).

Table 3 shows a comparison among CKD-EPI eGFR equations;
comparison between eGFR-Cys with eGFR-SCys + SCr (eGFR-
Cys vs. eGFR-SCys + SCr) equations had the significant good
agreement with the lowest median bias 48.79 and a narrow 95%
limit of agreement (kappa=0.711, p-value <0.0001, 95% Cl
15.45-97.95). No significant agreement was recorded between
eGFR-SCr and eGFR-SCys, and eGFR-SCr and eGFR-
SCR + SCys, (p =0.4, p=0.6), respectively.

Bland-Altman plots showed eGFR values about the mean eGFR
for the various equations comparisons. The values were con-
centrated in Figure 1b with a narrow limit of agreement.

Figure 2 shows that the AUC for the eGFR-SCr+ SCys was
much closer to 1.0 hence the larger AUC and was significant
(p =0.0001, AUC = 0.91).

The AUC of an ROC analysis was constructed for eGFR-SCys
and eGFR-SCr + SCys to depict a measure of diagnostic accu-
racy between these two CKD-EPI eGFR equations at similar
cut-off values in the prediction of kidney insufficiency of
eGFR < 60 mL/min/1.73 m2 (Figure 2). The eGFR-SCr + SCys
had the greatest diagnostic accuracy of a larger AUC (0.9048;

p=0.001) and sensitivity of 100% compared to that of eGFR-
SCys (AUC =0.68) without significance (p-value=0.2) and
83.3% sensitivity (Table 4).

4 | Discussion

CKD is becoming prevalent among HIV/AIDS-infected individuals
with kidney dysfunction progressing to ESKD [3, 7]. Thus, we
assessed the diagnostic performance of creatinine-based eGFR,
cystatin c-based eGFR and combined (creatinine + cystatin c)
eGFR equations in diagnosing kidney insufficiency in HIV/AIDS
patients on stable ART at the Saltpond District Hospital, Ghana.
Our findings showed that the eGFR combined (Scr + Scys) equa-
tion has the best diagnostic performance in predicting kidney
insufficiency/CKD in HIV/AIDS patients on ART. Serum cystatin
c-based estimated glomerular filtration (eGFR-Scr) equation is
better for assessing kidney function for patients with
eGFR < 60 mL/min/1.73 m? and eGFR-Scr based equation is bet-
ter in eGFR/CKD classification and staging.

Our study revealed a mean serum creatinine level of
82.60 +21.69 with serum creatinine level values within the
normal range for both female and male participants, which
contradicts the findings of Emem et al., [25] where creatinine
levels were elevated in a good proportion of HIV/AIDS-patients.
The levels of creatinine in our study were significantly
(p =0.006) higher in males than females which is at par with
the findings of Obirikorang et al. [26]. This variation is ac-
counted for by the increased muscle mass and metabolism in
males as compared to females.
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Comparison of bias, agreement, and accuracy between the CKD-EPI eGFR equations.

TABLE 3
Equation

p-value

Kappa

—0.077

—0.056
0.711

p-value®

95% limit of agreement

Bias (mL/min/1.73 m2)

0.462

< 0.0001
< 0.0001
0.0161

19.44
25.85
32.27

27.40-103.60
36.51-137.84
15.45-97.95

65.50
87.17

_OCys
eGFR_Scr vs. eGFR_Scr_Sc

eGFR_Scr vs. eGFR_S

0.585
< 0.0001

yS
r_Scys

s vs. eGFR_Sc

eGFR_Sc

48.79

Y

#Wilcoxon-matched pairs signed-rank test comparison.

We observed that the eGFR-Scys-based equation was better at
assessing kidney function (p=0.03) than eGFR-Scr (p =0.6)
and the eGFR combined (Scr + Scys) (p =0.1) based equations.

Muscle mass and metabolism, age, sex, diet, co-morbidities,
wasting, sarcopenia, oliguria, etc., among HIV/AIDS patients
affect the commonly used creatinine-based eGFR equations in
predicting kidney function [21] whereas these factors have little
to no effect on the production of cystatin ¢ [27]. Additionally,
the ability of the kidney to almost freely filter and completely
metabolize cystatin ¢ as compared to creatinine [18] makes the
cystatin c-based eGFR equation in our study better in predicting
kidney function. Our findings contradict the observation of
Mauss et al. [28], in which they indicated that kidney function
assessed by creatinine-based eGFR equations was better than
that by cystatin c-based eGFR equations in HIV/AIDS patients.
Their study employed the MDRD equation for eGFR calcula-
tion. However, our study is consistent with that of Patra [29], in
which the eGFR-Scys-cre-based equation is better in assessing
kidney function in HIV/AIDS patients as compared to
creatinine-based eGFR equations only. Our findings are again
consistent with those of Mondesert et al. [14] and Mazaheri
et al. [30] who concluded that the eGFR-Scys equation should
be an additional tool for assessing kidney impairment due to its
diagnostic accuracy.

Regarding classification and CKD staging, the combined
(Scr + Scys) eGFR equation classified 93% of participants as
having eGFR > 60 mL/min/1.73 m*> whereas eGFR-Scys and
eGFR-Scr classified 90% and 92% of participants respectively.
However, eGFR-Scys classified 10% of patients with
eGFR < 60 mL/min/1.73 m* while eGFR combined (Scr + Scys)
and eGFR-Scr based equations classified 6.7% and 7.8% of par-
ticipants, respectively, which is similar to the findings in pre-
vious studies [31, 32]. Though no reason could readily be
assigned for this observation, our study illustrated that all three
eGFR equations are poor in classifications of patients with
eGFR < 60 mL/min/1.73 m?. This finding confirms the report of
a study done by Gagneux-Brunon et al. [33] that looked at the
performance of MDRD, eGFR-Scr, eGFR-Scys, and eGFR
combined (Scr + Scys) based equations in HIV/AIDS patients.
They reported that the performance of these equations remains
worse in the HIV/AIDS population than the performance
observed in the general population. This reduced performance
is of particular significance in patients whose eGFR falls below
or hovers around 60 mL/min/1.73 m?.

The regression analysis showed that the strongest correlation
was between eGFR-Scys and eGFR combined (Scr+ Scys)
(r=0.778, p < 0.001). Contradicting the studies of Viswanathan
et al. [34] in South India, Insignificant correlations were
observed between serum cystatin ¢ and creatinine levels or
eGFR-Scr and eGFR-Scys. This disparity could be due to the
difference in the study population; whereas our study was
conducted in HIV/AIDS patients, their study focused on type 2
diabetes mellitus patients.

The current study estimated the diagnostic performance using
an ROC plot and combining sensitivity with a specificity of
eGFR equations; eGFR (Scr + Scys) whose sensitivity was 100%
and specificity was 11% had the greatest diagnostic performance
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FIGURE 2 | Receiver Operator Curve and Area under the curve (AUC), for CKD-EPI eGFR equations (a) eGFR_Scys and (b) eGFR_Scr_Scys.
TABLE 4 | Diagnostic Performance of the CKD-EPI eGFR equa- estimated glomerular filtration (eGFR-Scr) equation is better for

tions (eGFR_Scys and eGFR_Scr_Scys) for predicting renal insulffi-
ciency (eGFR_Scr < 60 mL/min/1.73 m2).

Equation eGFR_Scys eGFR_Scr_Scys
Cut off value 221.5 222

AUC 0.68 0.9048

95% CI 0.52-0.83 0.84-0.97

Sensitivity (%) 83.3 (35.9-99.6)
42.9 (32.1-54.13)

p-value 0.15

100 (54.1-100)
10.71 (5.0-19.4)
0.001

Specificity (%)

with the largest AUC (AUC = 0.91) in the ROC plot. This to the
best of our knowledge is the first study in Ghana to assess the
diagnostic performance of eGFR (Scr + Scys) among HIV/AIDS
patients. Although there is a difference in the study population,
Chi et al. [35] reported in a Chinese diabetic study that eGFR
(Scr + Scys) has the highest diagnostic performance with 87.6
sensitivity. Hence, our study reveals that eGFR(Scr + Scys)
equations may improve diagnostic efficiency for kidney func-
tion at least in the HIV/AIDS population.

Our study was limited by the following:

First, a small sample size and inability to use IDMS standard-
ized creatinine. second, the eGFR equations used have not been
validated in the general Ghanaian population, and hence using
them in the HIV/AIDS population may not provide the exact
eGFR needed to assess kidney function. Finally, we did not
determine the relationship between the biomarkers and viral
load, lifestyle (diet, exercise, socioeconomic status), and certain
co-morbidities as they were not recorded.

5 | Conclusions
The eGFR combined (Scr + Scys) based equation has the best

diagnostic performance in predicting kidney insufficiency/CKD
in HIV/AIDS patients on ART. Serum cystatin c-based

assessing kidney function for patients with eGFR< 60 mL/min/
1.73m? and eGFR-Scr based equation is better in eGFR/CKD
classification and staging. Our results show that incorporating
cystatin C into the assessment of kidney function in HIV/AIDS
patients would enable earlier detection of kidney dysfunction,
leading to more timely interventions and improved risk
stratification.
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